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(54) TOOL HAVING EXCELLENT OXIDATION RESISTANCE AND WEAR RESISTANCE 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a tool having excellent oxidation resistance compared to conventional 
TiAIN coating tools, and having excellent oxidation resistance and wear resistance matching with a trend toward 
high speed metal cutting. 

SOLUTION: The tool is coated with a hard coating film on its base material. In the hard coating film, one or more 
layers of an 'a' layer and a V layer are alternately coated respectively on the surface of the base material so that 
the V layer is next to the surface of the coated base material, where the 'a' layer is a nitride composed of Si of 5 
to 50% in an atomic percentage in a metallic component only and the remainder substantially composed of one or 
two types of Al and W. and the V layer is a nitride composed of Al of 40 to 60%, Si of 10 to 20% in an atomic 
percentage in a metallic component only and the remainder substantially composed of Ti. The thickness of the 'a' 
layer is preferably 0.1 to 3 u.m. Further, it is preferable to coat the hard coating film by a physical deposition 
method. 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the 

examiner's decision of rejection or application converted 

registration] 

[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's decision of 
rejection] 

[Date of extinction of right] 



http://www1 9.ipdl.ncipi.go jp/PA1 /result/detail/main/wAAA9WayijDA41 4254208P... 2007/02/01 



JR,2002-254208,A [CLAIMS] 



1/1 V 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the tool which comes to cover hard anodic oxidation coatings on a base material front face. The hard 
anodic oxidation coatings atomic % of only a metal component — Si: — 5 to 50% with a layers which are the nitrides 
which consist of one sort of the remainder, and aluminum and W, or two sorts substantially It exceeds Si:1 0% 40 to 
60%. atomic % of only a metal component — aluminum: — The tool excellent in the oxidation resistance and abrasion 
resistance which are characterized by covering further substantially b layers whose remainders are the nitrides 
which consist of Ti by turns above 20% or less, respectively, and there being b layers in right above [ covering base 
material surface ]. 

[Claim 2] The tool excellent in the oxidation resistance according to claim 1 and the abrasion resistance which are 
characterized by the thickness of a layers being 0.1-3 micrometers. 

[Claim 3] Hard anodic oxidation coatings are the tools excellent in oxidation resistance and abrasion resistance 
given in claims 1 and 2 characterized by covering with physical vapor deposition. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the tool which covered hard anodic 
oxidation coatings excellent in oxidation resistance and abrasion resistance useful especially as a surface coating 
material about tools used mainly for processing of a metallic material etc., such as a cutting tool and metal mold. 
[0002] 

[Description of the Prior Art] Conventionally, TiN, TiCN(s), or those compound coats of the hard anodic oxidation 
coatings used for a cutting tool, metal mold, etc. were common. Since TiN is excellent in oxidation resistance 
compared with TiCN, the outstanding abrasion resistance is not only shown to the oxidative wear of the tool 
produced by generation of heat at the time of processing, but it is the features that adhesion with a base material is 
also good. Moreover, compared with TiN, it is a high degree of hardness, and since coefficient of friction is also low, 
TiCN shows the property which was excellent to sliding wear of a tool. 

[0003] It could not be satisfied with the above-mentioned hard anodic oxidation coatings of oxidation resistance, 
and stopped however, showing sufficient engine performance to the high speed inclination of the working speed 
aiming at the high promotion of efficiency of metalworking of these days. The TiAIN coat which the research which 
raises the oxidation resistance of a coat and abrasion resistance more is made, consequently is represented by 
JP,62-56565,A and JP.2-1941 59,A from such a background is developed, and the cutting tool is applied by the 
subject. 
[0004] 

[Problem(s) to be Solved by the Invention] Although a TiAIN coat changes with component ratios of Ti and 
aluminum contained in the coat, since oxidation resistance is remarkably excellent compared with said TiN and TiCN, 
it raises [ the Vickers hardness number of outlines 2300-2800 / not only /, but ] the engine performance of a tool 
remarkably under a processing condition like especially high-speed-cutting processing to which the edge of a blade 
reaches an elevated temperature. However, in recent years, in addition to the inclination which working speed 
accelerates further, importance is attached to reduction of the amount of the lubricant used, or processing by dry 
type on an environmental problem, and the operating environment of a tool has become a high temperature load, and 
the reduction in lubrication and a still crueller thing. 

[0005] According to research of this invention person, the oxidation initiation temperature of the TiAIN coat in 
atmospheric air improves at about 750-900 degrees C to 450 degrees C of TiN depending on the addition of 
aluminum. However, in the above-mentioned dry type high-speed-cutting processing, since the edge-of-a-blade 
temperature of the tool to be used reaches an elevated temperature 900 degrees C or more, the present condition 
is that tool life sufficient by said TiAIN coat is not acquired. 

[0006] It is establishing the hard anodic oxidation coatings which this invention's is made in view of such a situation, 
have the oxidation resistance which was excellent compared with the conventional TiAIN coat, and were excellent in 
the oxidation resistance and abrasion resistance corresponding to improvement in the speed of metalworking, and it 
is the purpose to offer the tool excellent in oxidation resistance and abrasion resistance. 
[0007] 

[Means for Solving the Problem] this invention person performed examination detailed about the effect of various 
elements affect the oxidation resistance of the hard anodic oxidation coatings covered by the base material front 
face, abrasion resistance, and adhesion with a base material, and the layer structure of a coat. Consequently, the 
coat of the nitride which consists of one sort of aluminum and W which carried out optimum dose content of the Si, 
or two sorts, Each metal component contained in them in the coat of the nitride which used Si, aluminum, and Ti as 
the principal component is restricted in a specific value. In case it covers by turns above further, respectively, the 
coat of the nitride which used Si, above-mentioned aluminum, and above-mentioned Ti as the principal component 
by and the thing to carry out to right above [ covering base material surface ] The oxidation resistance and abrasion 
resistance of a coat improved remarkably, found out that the tool engine performance especially in high-speed 
processing became very good, and reached this invention. 

[0008] This invention is a tool which comes to cover hard anodic oxidation coatings on a base material front face. 
Namely, the hard anodic oxidation coatings atomic % of only a metal component — Si: — 5 to 50% with a layers 
which are the nitrides which consist of one sort of the remainder, and aluminum and W, or two sorts substantially 
atomic % of only a metal component — aluminum: — it is the tool characterized by exceeding Si:10%, and covering 
further above b layers which are the nitrides with which the remainder consists of Ti substantially by turns 20% or 
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less 40 to 60%, respectively, and there being b layers in right above [ covering base material surface ]. In addition, as 
for a layers of the hard anodic oxidation coatings of this invention, it is desirable that it is 0.1 -3-- micrometer 
thickness, and, as for the hard anodic oxidation coatings of this invention, having been covered with physical vapor 
deposition is still more desirable. 
[0009] 

[Embodiment of the Invention] The requirement for a configuration is first described in detail about a layers of the 
hard anodic oxidation coatings of a publication among a claim. 

[0010] Generally, aluminum near the coat front face will carry out extroversion diffusion in the outermost surface, 
and a TiAIN coat will form aluminum oxide layer there, if an oxidation test is performed in atmospheric air. Generally, 
although formation of this aluminum oxide layer is called reasons of an anti-oxidation disposition, at this time, 
directly under aluminum oxide layer, aluminum is contained and twisted and the layer of porous Ti oxide forms very 
much. 

[0011] According to research of this invention person, although the layer of aluminum oxide formed in the outermost 
surface functions as a protective coat in a static oxidation test to turning-inward diffusion of the oxygen which 
advances oxidation of a coat, the above-mentioned TiAIN coat In the case where it actually applies to a tool, it was 
admitted that the layer of aluminum oxide of the outermost surface exfoliated easily, and did not demonstrate the 
effectiveness from the layer of Ti oxide porous directly under it enough to advance of oxidation by stress, an 
impact, etc. at the time of processing. It not only improves the oxidation resistance of a coat, but from these, it was 
expected at the time of oxidation that the engine performance of hard anodic oxidation coatings can be further 
improved by improving the porous layer formed directly under an oxidation protective coat in a precise gestalt. 
[0012] As a result of inquiring based on the above-mentioned idea, a metal component then, Si of optimum dose and 
the coat of the nitride with which the remainder consists of one sort of aluminum and W, or two sorts substantially 
As opposed to the conventional TiAIN coat it not only excels in oxidation resistance extremely, but It checked 
forming in the outermost surface after oxidation the very precise oxide layer which contains Si used as an oxidation 
protective coat to a subject; and not forming the porous oxide layer leading to [ of an oxidation protective coat ] 
exfoliation directly under it. 

[0013] In order to acquire the above-mentioned effectiveness, when it must be added 5% or more and Si contains by 
atomic % of only a metal component exceeding 50% to one sort of aluminum and W which are the remainder 
substantially, or two sorts conversely, the adhesion fall of a coat becomes remarkable and it becomes impossible to 
be equal to the use as a tool. The desirable range of Si is 10 - 40% in atomic % of only the metal component of a 
coat. 

[0014] As for a layers of the hard anodic oxidation coatings in this invention, it is desirable that there is the 
thickness by 0.1 micrometers - 3 micrometers. When the thickness of a layers is less than 0.1 micrometers, to 
turning-inward diffusion of oxygen, thickness may not be enough and the anti-oxidation disposition top effectiveness 
does not appear notably. Moreover, if the thickness of a layers exceeds 3 micrometers, an opportunity for 
destruction of a layers or exfoliation to generate will increase while in use. Therefore, the thickness of a layers has 
0.1 micrometers - desirable 3 micrometers. 

[0015] Although the a above-mentioned layers have static and the oxidation resistance which was excellent under 
the dynamic condition, they are not enough in adhesion with a base material. Therefore, it is required for right above 
[ base material surface ] with sufficient balance to cover b layers of a publication in a claim which are coats with 
adhesion, abrasion resistance, oxidation resistance, etc. moderately. 

[0016] The role of aluminum in b layers is raising the abrasion resistance and the oxidation resistance of a coat It 
becomes good [ the adhesion of a base material and a coat ] so that there are few aluminum contents in a coat, but 
if it is atom [ of only the metal component of a coat ] % and aluminum becomes less than 40%, the effectiveness of 
raising the abrasion resistance of a coat and oxidation resistance will not be acquired. However, if contained 
exceeding 60%, the adhesion of a base material and a coat not only deteriorates, but the hardness of a coat will also 
fall conversely and abrasion resistance required as a tool will not be obtained. Therefore, in order to acquire 
adhesion, abrasion resistance, and oxidation resistance with sufficient balance, it is important to be atom [ of only 
the metal component of a coat ] % and to adjust aluminum content of b layers to 40 - 60%. 

[001 7] Moreover, in the b above-mentioned layers, Si has effectiveness in improvement in oxidation resistance and 
coating hardness. In order to acquire this effectiveness, it is required to make Si contain by atomic % of only a metal 
component exceeding 10%, but if it is made to contain exceeding 20%, the adhesion of b layers will fall remarkably. 
Therefore, when it applies to a tool, in order to acquire adhesion, abrasion resistance, and oxidation resistance with 
sufficient balance by high order origin, it is important to be atom [ of only the metal of a coat ] % and to make Si 
content of b layers 20% or less exceeding 10%. 

[0018] As mentioned above, in the tool of this invention, b layers with the abrasion resistance and the oxidation 
resistance of adhesion with a base material and the coat itself are covered with high order origin with sufficient 
balance right above [ base material surface 1 it is very important to cover a layers which are remarkably excellent in 
oxidation resistance on it, consequently a cutting tool, metal mold, etc. which become usable enough to processing 
under low lubrication or high-speed processing can be obtained. Moreover, after covering b layers right above [ base 
material surface ], the same effectiveness is acquired also by the multilayer coat which carried out the laminating of 
a layers and the b layers by turns, respectively. 

[0019] Although they are not limited especially about the covering approach, when the thermal effect to a covering 
base material, the fatigue strength of a tool, the adhesion of a coat, etc. are taken into consideration, as for the hard 
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anodic oxidation coatings covered by the tool of this invention, it is desirable that it is the physical vapor deposition 
which impresses bias voltage to a covering base material side, such as arc discharge method ion plating to which 
compressive stress remains to the coat which could cover with low temperature comparatively and was covered, or 
sputtering. 
[0020] 

[Example] Next, although explained to a detail based on an example, this invention cannot receive limitation 
according to the following example, and can be changed into arbitration in the range which does not deviate from the 
summary of this invention, and each of they is contained in the technical range of this invention. 
[0021] The various targets made from an alloy which are the evaporation sources of a metal component using a 
small arc ion plating system. And, impressing the potential of -50V to 6 cutting-edge end mill with an outer diameter 
of 8mm which is a covering base made from cemented carbide, and carrying out five revolutions to it in 1 minute 
under conditions of the covering base temperature of 400 degrees C, and 3.0Pa of reagent-gas-pressure force, 
using N2 gas as reactant gas Membranes were first formed right above [ covering base surface ] as b layers, and 
membranes were formed so that the thickness of all coats might be set to about 4 micrometers. 
[0022] The obtained hard anodic oxidation coatings measured class thickness by the quantum of the coat 
presentation by the Auger-analysis method, and scanning electron microscope observation of a coat cross section, 
and evaluated cutting-ability ability by the dry type high-speed-cutting conditions shown further below. At this time, 
processing was continued until it became impossible by a chip or wear of the edge of a blade etc. cutting a tool, and 
the length of cut at this time was made into the tool life. The detail of the hard anodic oxidation coatings about the 
example of this invention and the example of a comparison and its cutting-ability ability evaluation result are shown 
in Tables 1 and 2. Moreover, the evaluation result of the conventional example is collectively shown in Table 3. 
[0023] (Cutting conditions) 

Tool : 6 cutting-edge end mill made from cemented carbide The outer-diameter cutting approach of 8mm: Side-face 
cutting down cutting, **-ed [ Ayr blow ] material : SKD11 (hardness 60HRC) 
Slitting: Ad 12 mmxRd 0.4mm cutting speed: 150 m/min delivery : 0.03 mm/tooth [0024] 
Table 1] 
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[0027] As shown in Table 1, 2, and 3. it turns out that the tool life has extended the example of this invention 
remarkably compared with the example of a comparison, and the conventional example. Although contained 
[ examples / in Table 2 / of a comparison / 31, 33, 34, and 36 ] in this invention about the presentation of a coat, 
since the layer structures of a coat differed, at an early stage, exfoliation arose and a result of a short life was 
extremely brought from the interface of a coat and a base material. Moreover, the examples 35 and 41 of a 
comparison had many Si contents of a layers, and since exfoliation of a layers arose in the phase in early stages of 
cutting, they became a tool life almost equivalent to the conventional example. 

[0028] On the other hand, although the tool life all resulted in it being excellent about the examples 32, 37, 38, 39, 
and 40 of a comparison compared with the conventional example, a remarkable improvement effect like the example " 
of this invention was not accepted. In the examples 32, 37, 38, and 39 of a comparison, about that there are few Si 
contents in a layers or b layers, and the example 40 of a comparison, this is not containing Si in b layers, and the 
oxidation resistance of a coat considers it because it has not fully [ example / of this invention ] been improved. 
[0029] 

[Effect of the Invention] Compared with the tool which comes to cover the conventional TiAIN coat since [ / the 
outstanding oxidation resistance and abrasion resistance ], the tool which comes to cover the hard anodic oxidation 
coatings of this invention can be dealt with improvement in the speed of metalworking, and is very effective in 
improvement in productivity. 



[Translation done.] 
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